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Fossil resins are of interest to the mineralogist, palaeon¬ 
tologist, botanist, entomologist, chemist, and archaeolo¬ 
gist, but, because their study straddles these many fields, 
they have not received comprehensive attention from 
any quarter. During the 19th Century, mineralogists 
described and named well over 100 fossil resins, mostlv 

* m 

of European origin, and botanists and entomologists 
studied plant and insect inclusions, primarily in Baltic 
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amber. In the New World there are no fewer resins, 
but. since they have been studied by biologists rather 

4 / mJ f 1 

than mineralogists, few have been given names. 

Even now, the only reasonably inclusive listing of fossil 
resin occurrences, restricted largely to the named varie¬ 
ties, are to be found in the back pages of standard works 
on mineralogy or mineral chemistry, such as those of 
Dana (180.)), Hintze (19.3d) or Doelter and Leitmeier 
(1980). Their description by standard mineralogical 
procedures, which are ill suited to complex, largely 


non-cr 



, organic materials, does not provide an 
acceptable basis for classification. It is indeed no ex¬ 


aggeration to say that fossil resins have not yet been 
ordered into a classification system. Mineralogical com¬ 


pendia make broad distinctions between “families** con¬ 
taining or lacking succinic acid, sulfur or nitrogen, but 


these superficial criteria do not reflect any meaningful 
relationship in establishing a natural classification system. 
l*aclt( 19.)8) has suggested a system ordered by geologic 


age and botanical origin. The former criteria, unfortu¬ 


nately, have had to be based on meager and scattered 
published evidence. Most often, the botanical origin, 
which is based on associated 



plant remains, is in¬ 
dicated without supporting evidence because of lack of 
available data in the literature. Botanical source unques¬ 
tionably is the most significant basis for classification of 


fossil resins, since they are plant products the chemical 
composition of which is genetically controlled (Mirov, 
1901 ; 1907). Also study of the botanical source of fossil 
resin through geologic time provides an opportunity to 
observe evidence of biochemical evolution within the 
populations that produce the resin. Besins from some 
populations appear to have a relatively stable compo¬ 
sition through millions of years, whereas others have 


changed considerably. The determination of the origin 




of resin, however, is a difficult task because of the changes 
which resins undergo in the process of 



ization. 


Resins polymerize with age, presumably by a free-radical 
mechanism. As a result, the fossil product is a macro¬ 
molecule of high molecular weight, largely insoluble, and 
not amenable to most of the usual methods of attack 
used in elucidating the structures of organic compounds. 

We have found infrared spectroscopy a useful technique 
in botanical investigations of both fossil and modern resins 
at Harvard University and in the classification of fossil 
resins for archaeological ends at Vassar College. We now 
hope to use our diverse interests and competences to 
undertake the large task of a systematic study of fossil 
resins. The goal is to classify them first relatively, i.e. 
sorting them into groups of resins which share the same 
gross composition as revealed by their infrared spectra. 
We eventually expect to determine their botanical source 
by comparison of the infrared spectra of recent and fossil 
resins corroborated wherever possible by paleobotanieal 
data. Some results of this collaboration have been pub¬ 
lished previously (Langenheim and Beck, 190.)). 

Infrared spectroscopy is useful particularly in com¬ 


paring 



and recent resins because polymerization 


preserves all simple functional groups of the recent resin 
with the exception of carbon-carbon double bonds. Also 
skeletal frequencies are damped but not usually extin¬ 
guished completely. Thus, a similarity remains between 
the spectra of recent and fossil resins in that certain ab¬ 
sorption peaks can be matched one-to-one, although the 
intensity of these peaks is usually much weaker in the 
fossil resins than it is in the recent ones, especially at 
Ionizer wave lengths. 


Over the past few years, we have prepared infrared 
spectra of well over a thousand fossil resins and several 
hundred present-day resins. It now seems appropriate 


to make this large body of evidence accessible to inter¬ 
ested research workers in the form of a catalogue which 


w 



be divided into three sections: I, North and South 
American; II. fturope; 111, .Asia and Africa. A fourth 
section probably will present spectra of resins from living 



We h ave attempted to procure as many specimens as 
possible of each kind of fossil resin from the leading col¬ 
lections of the New and Old World. Samples used in 
this section were obtained from the Harvard University 
Botanical Museum Paleobotanical Collections; Harvard 
University Mineralogical Collections; Harvard Univer¬ 
sity Entomological Collections; Museum of Paleontolo¬ 
gy. University of California at Berkeley, United States 
National Museum (Smithsonian), New York Museum 
of Natural History and Museum fiir Naturkunde, East 
Berlin. 

Since infrared spectroscopy is not yet a method widely 
used by botanists and mineralogists, we will here include 
a brief discussion of the major absorption bands of the 
fossil resins and their significance. Infrared radiation is 
absorbed by matter to provide the necessary energy for 
the motion of atoms within a molecule. These motions 
may be relatively simple (stretching and bending of in¬ 
dividual bonds between two atoms) or they may be very 
complex (involving larger portions of the carbon skeleton 
of the molecule). The simpler motions predominantly 
leatl to absorption at low wave lengths (2.5-8 fx\ 4000 
to 1250 cur 1 ). Because they are essentially independent 
of the rest of the molecule, their absorption bands are 
remarkably stable in position and are readily assigned to 
specific functional groups. Thus, the first absorption band 
of fossil resins at 2.9 /x (,‘3500 enr 1 ) is due to the stretch- 


hydrogen 

A. / L 


bond 


s * 


the bending motion of 


these bonds causes absorption at about 0. 1 /x (1050 cm -1 ). 
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Some of the hydroxl groups responsible for these two 
bands without doubt pre-exist in the resin, but others 
are the result of atmospheric water vapor taken up by 
the sample in the course of its preparation (Beck ct a /., 
I960). The group of more or less well resolved absorp¬ 
tions near 3.4 /a (2950 cm' 1 ) is due to the stretching of 
carbon-hydrogen bonds; the bending motions of these 
same bonds lead to absorption near 0.8 fx (] 470 cm* 1 ) and 
7.25 fx (1380 cm* 1 ). 

The remaining prominent band in the lower region is 
due to the stretching of carbon-oxygen double bonds. 
This so called carbonyl band usually occurs near 5.8 fx 
(1700 cm -1 ) in the fossil resins. All these absorption 
bands are almost uniformly typical of all fossil resins and, 
therefore, of limited diagnostic value. Only the position, 
intensity, and resolution of the carbonyl band show sig¬ 
nificant variation. 

The upper region of the spectra (8 to 10 /a; 1250 to 
G25 cm" 1 ) is more difficult to interpret in terms of chemi¬ 
cal structure, but it is nevertheless more useful than the 
lower region because it shows greater variety. Of prime 
importance is the region between 8 and 10 fx (1250 and 
1000 cm* 1 ), where absorption is due to carbon-oxygen 
single bonds. Since these vibrations are substantially 
influenced by the carbon skeleton of the entire molecule, 
it is rarely possible to assign these bands to very specific 
structural features. However, as a kind of fingerprint of 
a fossil resin, this upper region is the one that we most 
often rely upon to classify resins into groups which are 
not only recognizable as having similar basic structures, 
but which we can increasingly relate to recent resins, and 
thus obtain important evidence about the botanical origin 
of the fossil resins. 

Absorption bands above 10 /x (1000 cm* 1 ) are, in gener¬ 
al, still more difficult to assign and must therefore be used 
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mainly as fingerprints. Hut there are a lew major excep¬ 
tions. Rending motions of hvdrogen atoms attached to 

O m/ O 

unsaturated carbon atoms lead to absorptions which are 
highly characteristic and which yield useful structural 
information. In the fossil resins, the most important of 
these is the sharp band near 1 1.8 /u (885 cm -1 ) which can 
be attributed to out-of-plane bending of the two hydro¬ 
gen atoms of a terminal methylene group. The presence 
of this band in the spectrum of a fossil resin is of particu¬ 
lar interest, because it is also a feature of a number of 
resin acids which have been isolated from recent resins 
(agathic acid, copalic acid, catavic acid, eperuic acid). 
The absence of this band in fossil resin spectra, however, 
must be interpreted with caution, since terminal methyl 
groups are easily oxidized. The lack of an 11.3 /x (88."> 
"') band in the spectrum of a fossil resin may, there¬ 
fore, indicate either that the resin never had a terminal 
methylene group or that this group lias been oxidized as a 
result of long exposure. The hydrogen atoms attached to 


cm 


aromatic rings also cause easily recognizable absorptions 
in the upper regions. They are rare in fossil resins, but, 
when they occur, they permit immediate assignment of 
the resin to the few botanical sources characterized by 
aromatic components. 

All oi the spectra were made from amber in the solid 
state which was dispersed in potassium bromide pellets 
^angenheim and Heck, 19<>5: Heck ct aL, UK).)). The 



Perkin Ulmers Model 187 spectrophotometer was used 
for the samples reported in this section. 

The spectra curves reproduced here can, of course, be 
only a small fraction of those now recorded in both of 
our laboratories. To make the selection, we have com¬ 
pared all the spectra of each species or variety in order 
to choose a few spectra which best represent the group as 
a whole. In addition, we have included spectra of special 




interest since they show features not shared by all mem¬ 
bers of the group. 

We should like to warn researchers not to put too 
much weight on a single infrared spectrum of any fossil 
resin. Resins are mixtures of appreciable heterogeneity, 
and the small samples used to prepare spectra may well 
differ significantly in composition, even when taken from 
a single specimen. It is always advisable to run two or 
more spectra of a given specimen and to rely only on 
those features which are common to all or, at least, to 
most spectra. 

Relatively few of the North and South American am¬ 
bers have been characterized chemically or physically and 
assigned mineralogical species names, as numerous of the 
European ambers have been. In some instances, how¬ 
ever, paleobotanical remains of considerable significance 
in determining the botanical source of the amber have 
been reported in New World deposits. For this reason, 
botanical information regarding the kinds of trees that 
might have produced the amber, in addition to the man¬ 
ner in which the resin may have been produced, have 
received particular attention in this presentation. Con¬ 
fusion regarding stratigraphic data and, hence age as¬ 
signments of the amber-bearing strata, are discussed 
where relevant to an understanding of the rapid evolu¬ 
tionary changes which occurred in some of the possible 
resin-producing components of Cretaceous floras in par¬ 
ticular. Spectra of modern resins will be compared with 
those of ambers in some cases. Only general comments 
regarding the origin o! the amber will be made, however, 
since this paper is designed primarily as a catalogue. 
Detailed discussion of botanical origin will be presented 
elsewhere. 
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C RETACEOITS A M HER 


Vmbcr from Cretaceous beds have 



reported in 


considerable amounts from the Kuk River drainage of 
the Alaskan Arctic Coastal Plain, from the beach of 
Cedar Lake. Manitoba, Canada, and from numerous 
occurrences along the Atlantic Coastal Plain from Massa¬ 
chusetts to South Carolina. Also a small amount has 
been recorded from Baja, California, Mexico. Spectra 
have been made from specimens from the above locali¬ 
ties. Although amber has also been noted to occur in 
Cretaceous rocks from Hardin County, Tennessee (Ross, 
P.DO), Ellsworth County, Kansas (Schoewe, 104*2), the 
Black Hills of South Dakota, Eagle Pass, Texas, Mt. 
Diablo, California, as well as other localities, samples of 
these have not been available as vet for analysis. 

The Alaskan amber will be discussed first because its 
stratigraphic relations and associated plant fossils have 
been investigated more intensivelv than for other Cre- 
taceous ambers. These studies provide background for 
interpretation of the botanic source in terms of the in¬ 
frared spectra. 

.Alaskan Amber 

Amber is widespread in Upper Cretaceous coal and 
carbonaceous shales along tlie Kuk River drainage ( \uk, 
Ketik and Kaolak Rivers) of the Alaskan Arctic Coastal 
Plain (Langenheim, Smiley, and Gray, 1000; Smiley, 


1000 ). 


Reworked amber occurs also ubiquitously in 


Pleistocene beds and along recent stream deposits in 
this region. Several lines of evidence indicate that these 


Cretaceous amber-bearing beds are of non-marine origin, 
and age determinations 



entirely on the abundant 
plant megafossils and microfossils. The older Kuk flora, 
characterized by ferns of varied kinds and a mixture of 
primitive and modern conifers, is considered Cenomanian 
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(earliest stage in the Upper Cretaceous) in age (Smiley, 
19G6); only a few amber samples were found in these 
strata. M ore amber occurred in the Ketik beds to which 
Smiley assigns a Turonian age. These beds contain the 
earliest record of abundant and varied angiosperms and 
the dominant Ketik conifers are modern types referable 
to extant genera in such families asTaxodiaceae(SV^/o?a, 
Sequoiadendron , \ Taxodium and J uniperus), Pinaceae 
( Pinus , Picca and < Larix) and Taxaceae ( Ccphalot axus 
and i Torrcya). Most of the amber occurred in associa¬ 
tion with the Ivaolak flora which Smiley designates as 
Senonian in age. It is characterized by taxodiaceous 
conifers {Sequoia, Sequoiadendron and i Taxodium) and 
{ Torreya in the Taxaceae. Cray (Langenheim, ci al., 
I960) noted an abundance of conifer pollen in this flora 
with taxodiaceous pollen the dominant type. Pine and 
spruce pollen also occurred frequently, but the rarity of 
megafossils suggests that the latter conifers may have 
inhabited slopes or uplands some distance from lowland 
depositional sites. Langenheim ct al. (I960) concluded 
that the source of this amber was taxodiaceous trees 
growing close to lakes, coastal swamps or other water 
bod ies from the evidence: l) the amber has always been 
found with abundant taxodiaceous remains, 2) the pina- 
ceous pollen was derived from upland sources. 

This Alaskan amber has been described neither chemi¬ 
cally nor physically and has not been given a mineral- 
ogical name. Some of the material is transparent, al¬ 


though much is opaque. The clear amber varies in color 
from light yellow to red, deep golden brown and almost 
black. The opaque material varied commonly from a 
beige to molasses color. Most of the transparent amber 
is crack-free and has a conchoidal to subconchoidai frac- 


Langenheim ct al. 


timber is common 
ndicate that most 



do not contain inclusions, although small bubbles and/or 
small plant fragments are abundant in some specimens. 
Most unbroken specimens are small (one-eighth inch in 
diameter) teardrop masses, subcylindrieal pieces up to 
one-fourth inch in diameter or irregularly mammillary 


blobs. The teardrops may have dropped from the trunk 


or branches, and 


lirulers 


have broken from 


hardened runnel of resin attached to the surface of a 
branch. All of these shapes tend to demonstrate resin 
hardened in the atmosphere. Several occurrences of am¬ 
ber in coal with woody texture, however, suggest that at 
least part of the amber was derived from resin within 
the trunk of tree and thus not in a position to trap in¬ 
sects or wind-blown plant debris. 

Twenty-two spectra were run of Alaskan amber rep¬ 
resenting samples varying in color and other physical 
properties. Nineteen specimens were from the Kaolak 
Ri\ er and three from the Ivetik River localities; none 
were available from the Kuk River. Most of these col- 
lections were from placer deposits, although at two locali¬ 
ties the amber was collected in situ. All of the material 
is from the collections of the Museum of Paleontology. 
University of California at Berkeley. Three patterns 
appeared among the 'I'l spectra run (Plates X I V and 


XV). The most typical pattern is Type ! I (H-332): 15 
spectra are of this kind. The spectra typical of amber from 
the Raritan formation from Kreischerville. Staten Is¬ 
land, New York, is similar to Alaska Type II in the 


carbon skeleton. Type l (H-313) is a more generalized 
pattern (i.c., more flattened with less pronounced bands) 


and is represented by three 



Type III (11-818 


on Plate XV) occurs only in two spectra but is quite 
similar in the carbon skeleton to that of the amber from 
the Upper Patapsco Formation from Washington, D.C. 
There are, however, differences between the pairs Alaska 




II and Kreischerville, on the one hand, and Alas ka III 
and Washington, D.C. , on the otlier, in the intensity and 
resolution of the carbonyl band. The 11.3 /x (833 cm -1 ) 
band is most pronounced in Alaska 11 and Washington, 
D.C. (H 173 on Plate XV). 

Spectra of resin from various living members of the 
Taxodiaceae and Pinaceae are being run presently to see 
if correlation can be established with these Alaskan types. 
The Taxodiaceae are of particular interest, since associ¬ 
ated plant remains with the Alaskan amber point to this 
possible origin. As j T et, however, relation of this amber 
to either members of the Pinaceae or Taxodiaceae is not 
evident, but further investigation of the modern resins 
is necessary. 


Itlantic Coastal Plain Amber 


Amber for spectral analysis has been obtained from 
twelve localities along the Atlantic Coastal Plain from 
Massachusetts to South Carolina (Fig. 1). In most cases, 
the amber was reported to occur in Potomac, Raritan 
or M agothy beds. Controversy has existed regarding the 
age of these stratigraphic units (Spangler and Peterson, 
1930; Dorf, 1932; Steeves, 1939). Recent palynological 
studies, however, have essentially confirmed age assign¬ 
ments previously based on plant megafossils (Berry, 
1909, 1910, 1911a,b,c, 1914, 1910 et al. ; Dorf, 1932). 

The Potomac Group is the basal unit of the Atlantic 
Coastal Plain Cretaceous sequence in Maryland, Dela¬ 
ware and Virginia. It typically underlies the Raritan 
and Magothy Formations in Maryland and Delaware 
but is absent to the north in New York, New Jersey and 
M assachusetts, where the Raritan is the oldest Cretaceous 
unit. The Potomac Group appears to be entirely Lower 
Cretaceous in age i Brenner, 1903), with the Patuxent 
Formation being Barremian, the Arundel Formation 
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CHET A CEO US 


I 

II 

III 



V 

VI 

VII 

VIII 


IX 

X 

XI 

XII 

XIII 

XIV 


Alaska (Arctic Coastal Plain) .... 
Manitoba, Canada (Cedar Lake) . . . 

Atlantic Coastal Plain 

1. Kreischerville, New York . . . 

*2. Martha's Vineyard, Massachusetts 
3. Harrisonville, New Jersey . . . 

t. Clifl'wood, New Jersey. 

*>. Bordentown, New Jersev . . . 

W 

t>. Roebling, New Jersey. 

7. Kincora, New Jersev. 

m 

8. Pemberton, New Jersey .... 

9. St. Georges, Delaware .... 

10. Washington, D.C. 

11. Magothy diver, Maryland . . . 

1*2. Charleston, South Carolina . . . 

Baja California, Mexico . 

EARLY TERTIARY 

Seattle, Washington. 

Dominican Republic. 

Chiapas, Mexico. 

Para, Brazil. 
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UNKNOWN AGE 


Guayaquil, Ecuador.3 

Giron, Colombia .Ci 

Medellin, Colombia.G 


Canon Diablo, Arizona.1 

Greenland.2 

Montana.9 


Number of spectra for all localities are indicated. 































Figure I. Location of samples of amber in North and South America 
from which infrared spectra were run (see explanation on opposite 
page). 
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being Aptian, and the Patapsco Formation being re¬ 
stricted to the Albian Stage. 

The Haritan Formation, on the other band, is Upper 
Cretaceous (Cenomanian-Turonian Stages), according to 
the palynological investigations of Groot, Penny and 
Groot (1901)and Kimyai (1900). The overlying JVlago- 
thy Formation is Turonian-Coniacian (Early Senonian) 
in age (Ciroot, Penny and Groot, 1901 and Stover, 1904). 

It is impossible to sort out the stratigraphic difliculties 
lor most of the At antic Coastal Plain amber deposits 
from the available literature. It is most important to be 
aware of the age differences of these deposits, however, 
and possible contusion regarding them. The age is par¬ 
ticularly significant in regard to change in floras and 
seemingly rapid evolution of coniferous elements that 
could have been the amber producers. Although angio- 
sperrns were rapidly evolving during this time, none ex¬ 
cept Liquidambar are known to have been resin-producing 



}\ r asIungton , I). C \ Amber 

A single sample of amber from the Upper Patapsco 
Formation was collected bv .1. Do vie from the corner of 

%/ feZ 

Branch Ave. and O Street SE, Washington, I).C. The 
amber came from a clav associated with a lignite bed at 

•J 

the top of' typical Patapsco clays (Lower Cretaceous. 
Albian Stage) which are directly overlain by cross-bedded 
sands thought to be Upper Cretaceous by C. F. Withing- 
ton (Doyle, 1900). Doyle analyzed the plant microfossiis 
from these beds and found a typical Upper Patapsco 
assemblage as established by Brenner (19.).*>). Brenner's 
palynological studies indicate that the gymnosperms of 
the Potomac forest included members of the Podocarpa- 
eeae, Ar aucariaceae (including Arauvariucitcs australis 


Cook., which is comparable to modern Araucaria and 
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A gat his), Pinaeeae and the Cupressaceae-Taxodiaceae 
complex. Particularly abundant in some localities is 
Inaperturopollenites dubius (Potonie and Venitz) Thom¬ 
son and Pflug, which is considered to be a member of 
either the Taxodiaceae or Cupressaceae. ldrachtjphyllum- 
Papio 



urn represented other common coniferous 
families which are now extinct. Hrenner further states 
that these Potomac forests were probably similar in 
character to the warm-temperate gymnosperm and fern 
forests of New Zealand today. In these forests. Podo- 
carpaceae and Araucariceae are the dominant trees with 
a luxuriant growth of ferns characterizing the understory, 
lie adds, however, that the presence of eycads and 
schizeaceous plants suggests more tropical conditions 
than exist in present New Zealand forests. 

Two spectra were run from a single piece of amber 
from this O Street sample. The spectra are similar and 
represented by II 173 (Plate XV). This spectrum re¬ 
sembles also Type III from Alaska (Plate XV). 

Kreischerville A tuber 


Hollick (1905) reported considerable quantities of am¬ 
ber from a Cretaceous deposit at Kreischerville, Staten 
Island, New York. He stated that the beds were an 
eastward extension of the Amboy Clay and sand scries 
of New Jersey and thus included in the Raritan forma¬ 
tion. He further continued that they were *’middle 
Cretaceous in age and approximately equivalent of the 


Cenomanian of Europe. 


* % 


Hollick and Jeffrey (1909) 


indicated that botli the Raritan and Cliflfwood( Magothy) 
Formations were present at Kreischerville but that only 


Raritan bed 


l 


ly, the stratigraphic position of the Kreischerville de¬ 
posits has not been investigated recently. 

The amber occurs in strata containing closely packed 




masses of leaves, twigs and fragments of lignite and 


charred wood. Most of it was distributed irregularly in 
the matrix of relatively thick accumulations o' commi¬ 
nuted lignite. The amber occurs commonly as small 


teardrops or in irregularly shaped fragments varying 
from the size of a pin head to a hickory nut. It is gener¬ 
ally transparent and yellow or reddish in color, although 
some is opaque and grayish white. 

In 1907, (dies' chemical analysis indicated the follow¬ 
ing percentage elementary composition ; C, 78.5 ; H,9.5 ; 
S, 0.27; (), 1 ;.77. On destructive distillation, succinic 
acid appeared to be formed and a considerable “quantity 
of volatile sulphide was evolved. " Ash content was only 


0.1 


p / 


/ 


0 . 


He cause the amber at Kreischerville occurs in close 
association with leafy twigs of Sequoia hetcrophylla Vel. 
and S. licichcnbachi (Oein.) H eer, Roll ickthought that 
Sequoia might also be the source of this amber. He in¬ 
dicates, however, other coniferous remains found in the 
Kreischerville clay which might have contributed amber: 
fflddringtonites Reich ii (EH.) 11 eer. Juniper us hynoidcs 
11 eer, Dam mar a microlcpsis II eer and Pinus sp. 

Jeffrey and Chrysler (1906) and Jeffrey (190. . 
other hand, studied the lignites f rom Kreischerville and 
concluded that Pityoivylon (Hinaceous) was the only 
genus which contained amber. This “pitoxyloid lignite" 


contained masses of large pieces of amber; smaller frag¬ 
ments were contained in the amber-bearing strata. “The 
amber enclosed in the lignite appears both in translucent 
shining condition and in dull ociiraceous modification." 
11 not only occurs in “pockets or nuggets but also as fine 
ye low threads or streaks corresponding to the normal 
resin passages in the wood.’* 


Thus, only both a possible taxodiaceous and pinaceous 
source have been suggested for the Kreischerville amber. 



Six umber specimens from Kreischerville were run 
from Harv r ard Botanical Museum Paleobotanical Collec¬ 


tion 


II 


(I 


All 


in II 3*21 



XI\ 


Th 


the 


bil 


of two 


did not beco 


analj T zed. The similarity of the spectra from Kreischer¬ 
ville and from the Koalak River in Alaska is noteworthy. 


A11 h o 


stratigraphic d 


the 


de 


re not recently been critically assessed, it ap} 
amber here is probably only slightly older (C 


manian) than the 


ik amber (S 


axod 


nan). Although 
ited lor at least 


ber in both localities, infrared spectra of 


modern resins o 
as yet provided 
true for the Pir 


bo 


Th 


has been 


Magothy Ixivcr Amber 


Troost (18*21) described amber associated with lignites 
at Cape Sable, Magothy River, Anne Arundel County, 
Maryland. These are the strata which later were desig¬ 
nated as the Magothy Formation (Little, 191 
indicated that this amber occurs generallvas gr 


1 


ird seed to that of pieces from 4 to .5 


d 


Most 


brown to yellowish grey; 


seldom 


are found. Also some of it is “earthy’*, occurring as 
friable, porous masses. 

Although Troost was interested in the kind of wood 


with which the amber was associated, he was unsuccess- 


dent 


pieces of amber 
dency to disinte 
mination open t 


lignites. Knowlton (1890), how- 
llity a log which contained small 
preservation of wood and its ten- 


luded 


[ 81 



however, that “as nearly as ean be made out, the struc¬ 
ture is that of Sequoia or Cupressinoa\t//on as the wood 


is known in 
/on Bibbinsi 


Cupi 


Sequoia 
omac G 


Ilollick and Jeffrey (1900) concluded that most of the 
conifers found in Raritan strata, which had previously 
been referred to Podocarpaceae, Cupressaeeae or Taxo- 
di aceae (Sequoiineae), belonged to the Araueariaceae. 


They recognized, however, the abietinious genera Prep- 
in us and Pin us. Penny (1947), on the other hand, sug¬ 


gested that some of the Raritan conifers that Ilollick 
and Jeffrey considered aracauriaceous were taxodiaceous. 
For example. Sequoia Beiehenbaehi (Geinitz) I leer, which 
is synonymous with Geinitzm licichcnbachii (Geinitz) 
I loll, and Jeff*., P enny considers to be essentially the 
same as Sequoia ambigua I leer. Me suggests that these 


species, as well as others of Gemitzia, are taxodiaceous 
rather than araucariaeeous. Araucarian remains, none¬ 
theless, are common in the Magothv flora of New Jersey 

*— 1 ^ w 

and Delaware. 

Five spectra were run of specimens from USNM col¬ 
lection if7-871. I his amber was generally opaejue with 


X\ 


some color variation from beige to brown. Foi 
spectra gave the pattern shown in II 13(11 (Plate 
Another specimen Irom this same collection gave the 
typical Raltic Succinite pattern ( Gangenheim and Reck, 
1965). 

A taxodiaceous source is indicated from the wood in 
which the amber was enclosed, although the identifica¬ 


tion ol this wood is tenuous. The spectral type of this 
amber (Plate XVI11) forms a family of amber including 
those from St. George, Delaware (1113 57), Rordentown, 
N.J. (H *225), Cliflwood, N..I. (114*2*2) and Kincora, 



N.J. (II 367). This type is more closely related to the 
type from Manitoba, Canada (Plate XVI), than it is to 
that from Alaska and Kreischerville (Plates XIV, XV). 


CUJfwood A viber 

The 1 i<znitic sands and clays at ClifFwood BlulF. New 
Jersey, on Raritan Bay were first included in the Raritan 
Formation, although they also have been referred to the 
Matawan Formation (Hoilick, 1897; Berry, 1905a . 
Howev r er, the lignites, and amber-bearing beds in par¬ 
ticular, were then considered to be in the Magothy For¬ 
mation. Berry (1905a) states that “a secondary feature 
of the Magothy Formation is the occurrence of amber, 
which is found in the form of globular and tear-shaped 
droos. disseminated in the liernite beds from ClifFwood 


bluff 


New Jersey 
F the coast: 


plain, at C 


Sable. Md 


* • 


ber 

He 


ndicates further that he has not found 


ber 


pieces 


“larger than a lima bean, although occasionally one 
hears from the foreman of the clay pits of much larger 
masses having been found." Doylefpers. comm., 1967) 
confirms the Magothy age of at least some of the Cliff- 
wood lignites on the basis of his palynological studies. 

Berry (1905a,b) studied the plant megafossils from 
ClifFwood and described various coniferous remains. 
Amoncr the araucarians were Dammara and Araucarites. 


Penny (1947) also reported Araucarioxylon with tr 
pitting similar to modern species of A gat his and . 
caria here. Various species of Pinus, Picca and Pita 
are reported for the Pinaceae. 1 lolden (1913) also 


/ 


Pityoxylon from th 


In the Taxodiaceae, Berry 


ported various species of Seq 


Geinitzia and Cun 




'ha mitt 


One spectrum (Smithsonian Collection with no num¬ 
ber, collected by E.W. Berry from the ClifFwood Brick 

[ ] 


Company) I I 422 (Plate XV 
Magothy Kiver type. 


is similar to that of the 


Martha's Vineyard timber 

Amber from Cay Head, Martha's Vineyard, Massa- 
ehusetts, was eolleeted by Clifford Kay, United States 
Geological Survey, Boston, Massachusetts. It had been 
reported previously from this locality by Finch (1824). 
Only a few small specimens have been found in a dark 
gray silt rich in fine plant debris, including seeds, cones, 
needles, leaf' fragments and a variety of plant tissue ex¬ 
cellently preserved (Kay, pers. comm., I960). Unfor¬ 
tunately ,these remains have not as yet been identified. 
Palynological evidence from these beds(J. Doyle, pers. 
comm., 1 HOT) indicates their belonging to the Upper 
Raritan or Lower Magothy Formations. 

The spectrum (II 111, Plate XXI) is quite distinctive 
from anv of the other ambers from Cretaceous strata. 
The intensity of absorption in the carbon-oxygen single 


bond region (8-1 O^u) may indicate a higher percentage of 
carbohydrates (as in a gum-resin). The presence of a dis¬ 
tinct absorption peak at 11.,‘3/x (88.5 enr 1 ) is also notable. 


Amber from Other Atlantic Coastal Plain Loealitu 



Amber was obtained from six other localities along 
the Atlantic Coastal Plain. Stratigraphic data for these 
localities are unknown to the authors. It is assumed, 
however, that the amber most likely occurs in Raritan 

or Mauothv 




Tin ee spectra of *' A mhrosine** from Charleston. South 
Carolina (USXM collection R7317)* were made. The 

type represented by II 210 (Plate XVII) is 
typical of that of Baltic Succinite (Beck et al., 1004: 
1900; Langenheim and Beck, 190.5). Shepard (1870) 
suggested that this amber originated from conifers from 



the “pleiocene epoch.** Stratigraphic data are Jacking, 
but Ambrosine lias generally been considered from Cre- 
taceous Atlantic Coastal Plain deposits (probably from 
the Tuscaloosa Formation, which does not differ greatly 
in age from the Magothy, according to Groot, Penny 
and Groot (1901)). Shepard described the original collec¬ 
tion as an irregular, oval-shaped mass the size of a man's 
fist, yellow-brown externally but clove-brown inside. It 
melted to a clear yellow liquid at 46(F F, giving con¬ 
siderable succinic acid before melting. On fusion, a dense 
yellow oil was volatilized, producing an odor similar to 
the resin of pines. It was largely soluble in turpentine, 
alcohol, ether and chloroform. The name “Ambrosine** 
was coined by compounding the two words “amber" 
and “rosin." 

Three spectra were run from Ivincora, Burlington 
County, New Jersey, from the United States National 
Museum Collection 5010. Spectrum 1 ( 3G7 (Plate XVII) 
is similar to that typical of the Magothy River family of 
ambers. A variation of this spectrum with a band de¬ 
veloped at P2-1 '2.3fJL (833-813 cm' 1 ) also occurs. 

A single spectrum was made of amber from St. 
G eorges, Delaware (USNM #8*2552). Spectrum H 357 
(Plate XVI I I ) is generally similar to those from the 
Magothy River and Kincora, New Jersey, localities 
(Plate XVII). Three spectra were made of amber from 

Bordentown, N.J., (USGS collection #95367). All three 

were similar to that represented by II *2*25(PlateXVI11 \ 
although the 9.8 fx (1020 cm* 1 ) band is sometimes more 
accentuated. This spectral type also belongs to the 

Magothy River family. 

Fleven spectra were made of amber from USNM col¬ 
lection R 7289 from Roebling, N.J. Considerable vari¬ 


ation in spectra occurs from specimens in this single 
collection. The general variation is shown in spectra H 




350, II 410, and II 4*20 ( Plate XIX). All of this amber 
is opaque. with the color varying from 1 iht beige to 
streaks of almost black. 'The variation in the spectra ap¬ 
pear to be due largely to intensity and resolution of the 
bands. Roebling Type 1 resembles the Magothy River 
family of spectra. 

Amber from I larrisonville, N.J. (Gloucester Co.) was 
reported by Kunz (1883). It was found from *20 to *28 


feet under a L r recn sand or marl containing invertebrate 


fossils which were considered “to belong to the middle 
bed of the Upper Cretaceous series." Kunz indicated 
that no analysis had been made of this amber, but he 
felt “the similarity in specific gravity, hardness and igni¬ 
tion leaves little doubt of its being true amber, or of its 
having been derived from a gum closely resembling that 
which is the source of the Raltic and other ambers." 


The spectrum H 409 (Plate XX) disproves this rela¬ 
tionship completely. The Harrisonville amber differs 
from almost all other fossil resins in that it lacks a well 
defined carbonyl group. Carbon-carbon unsaturation 
causes a sharp absorption band at C.l/x (1050 cnr 1 ) of 
such intensity that the broader hydroxyl absorption in 

region fails to obscure it. The distinctive pair of 




at 13.3/x and 14.3/x (750 cnr 1 and 700 cnr 1 ) is 
clear evidence for the presence of mono-substituted ben- 
zenoid rings. This indicates a composition similar to 
that of the European fossil resin siegburgite which has 
been related to Uquiilambar by chemical studies in 
which cinnamic acid and styrene were isolated (Klinger 
and Pitsehki, 1884). These aromatic resins form a small 
but distinctive family of their own, which differ dramati¬ 
cally from the usual terpenoid resins which alone can be 
called “true amber.” 


The resin from Pemberton, N.J. (II 417, Plate XX) 

is of the same aromatic type as the Harrisonville sample 



with the exception of lacking the broad intense band 
which obscures the region between 8 and 11/u. (1*250 and 
990 cm -1 ) in the IJarrisonville sanipie. It also may well 
be due to inorganic impurities (silicates) which are 
characteristic of the European siegburgite. 


Canadian Amber 

Tyrrell (1890) investigated the occurrence of amber 
associated with fragments of decayed w T ood on the beach 
around the southwestern margin of Cedar Lake, near the 

O + 

mouth of the Saskatchewan River, Manitoba, Canada. 
He reported abundant amber along the beach for a mile, 
in a band thirty feet wide with a minimum depth of two 
feet, lie further estimated that this deposit contained 
1,487.-SO (!) pounds of amber. lie also discovered amber 
occurring less extensively on shores of other lakes north 
and east of Cedar Lake. Because the amber has been 
deposited secondarily, the geologic age is uncertain. As 
Carpenter et al. (1938) indicated, however, Cedar Lake 
is fed by an easterly flowing river that drains through 


lignitic beds of late Cretaceous age in Alberta and south 
Saskatchewan. Thus, other amber-bearing deposits from 
which Cedar Lake amber could have originated are not 


evident. Carpenter ct aL point out that the insect in¬ 
clusions also provide support for a Cretaceous age. Evi¬ 
dence for a more specific time during the long Cretaceous 
interval, however, is not available. 

Although it cannot be definitely related to the Cedar 


Lake deposits, amber with insects found recently at 
M edicine Hat, Alberta (Richards, I960), is of some in¬ 
terest in regard to the Manitoban material. The Medi¬ 
cine Hat amber is associated w ith lignitic deposits from 
the Foremost Formation (Belly River Series, L T pper 
Cretaceous). The Belly River Series falls within the 
Campanian Stage, as K/Ar dates for the Bearpaw shales 




that occur immediately above the Foremost horizons at 


Medicine Hat ran^e from 72 to 7*5 million years. None 


of this amber has as yet been available for analysis. 

Amber collected by Tyrrell was studied by Harring¬ 
ton (1891) and named ehemawinite. Klebs (189(5 , 
apparently unaware that Harrington had described it, 
analyzed the same type of amber from Cedar Lake and 
called it cedarite. Schmid (19*‘>0), in his review of fossil 
resins, classifies them as (a) "Bernstein which yields suc¬ 
cinic acid on distillation, the principal type being succin¬ 
ite, ib) those resembling Bernstein . including cedarite, 
and (c) those quite different from (fern ste/iende) Bern¬ 
stein, including ehemawinite." Walker has already 
pointed out. “the two Canadian minerals, cedarite and 
ehemawinite, are identical, as appears probable both from 
the chemical and physical data recorded by Harrington 
and Klebs, and from the localities from which the ma¬ 
terial was obtained." IIarrington (1891) made the most 
complete chemical analysis of this amber. 'The hardness 
was 2.5: the specific gravity 1.055 at 20 C. The mean 
percentages of constituents from elemental analyses 


were: C, 79.90% : H, 10.40% : (). 9.49% and ash 0.9%. 

alumina, iron, calcium and 



The ash contained 
magnesium. 20.01% of the amber dissolved in absolute 


alcohol and 24.84%) in absolute ether. Small fragments 


heated in a closed tube began to soften at about 150° C. 


Heated to 000° C, the resin did not melt into a flowing 


liquid but had become soft and elastic and darkened 

from partial decomposition. Harrington concluded that 

this Canadian amber was more resistant to heat than 
Baltic amber. Succinic acid, so characteristic of Baltic 
amber (Succinite), is absent. 'These facts, in addition to 
the presence of more carbon and less oxygen than Baltic 

Succinite, led him to conclude that the Canadian amber 
“is closer to Walchowite and to some of the more recent 
copals from India." 




Th is Canadian amber is transparent, varying from pale 
yellow, red to dark amber in eolor. Walker (1934) re¬ 
ported that the smallness of the amber grains (58% being 
less than eight mesh and only 3 °/o larger than two mesh) 
was a point of difference from that of the generally larger 
masses characteristic of Haltic amber. lie suggested that 
this might indicate conifers of types yielding little resin 
when wounded, in contrast to those which produced 
resin copiously in the Baltic forests. 

Eleven spectra were run on amber from Cedar Lake. 
Ten of these spectra were of specimens from the Harvard 
University Entomological Collections. All of these gave 
the same pattern represented by II 316 (1C ate XVI), 
although some spectra were sharper than others. Also 
the pattern of amber from Cedar Lake, Manitoba, is 
similar to Ambrite (H '2*26, Plate XVI) irorn New Zea¬ 
land ( l SNM #7312). Both of these spectra, in turn, are 

at his australis, the Kauri pine 
ice A. australis is noted for its 


similar to resin from 

(H 265, Plate XVI). S 

capacity to produce large quantities of resin, it is a logi¬ 


cal source for fossilized resin from N 


Zealand 


A 


possible Arauearian source, such as Agathis or related 
araucarians, for this Canadian amber is interesting and 
suggestive. More resins of members of the Araucariaceae 
need to be analyzed, before a definite correlation is made. 
Also the possible presence of Agathis australis (called 
Dammura australis Lamb.) in the Ivreiseherville, N.Y., 


orm 


deposits is noteworthy, 
bian), Raritan (Cenou 
(Early Cenomanian) I 
Coastal Plain, members of the Arau 
mon, and an araucarian-type resin 
pected. Arauearian leaf remains, i.e. 
folia, are reported from Upper Cret 


Certainly, in the Potomac (Al- 
mian-Turonian) and Magothv 


along the Atlantic 


com 


Id well be 


ex- 
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bed 


s in 
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by Dorf 


although 




remains 



to 


i "athis have not 



listed. 


One 



ar Lake specimen 



#07080) gave a 


spectrum similar to that of Baltic Succinite (Langcnheim 


and Beck, 19(55). The presence of this 



type 


might suggest two different botanical sources of the am¬ 
ber from the M anitoban deposit. 

Itqja Califor nia Amber 

Buddhue ( 1035 ) described “Bacalite" as amber pre¬ 
sumably from Baja California, Mexico. Since this amber 

• i ' 



•ilia. 


cannot be shown to have come from Baja 
Langcnheim, Butldhue and Jalinek (19(55) recognized 


that “it may have come from any place in the world.** 
They mention, however, the particular likelihood of its 
being from the amber deposits of Chiapas. Mexico. 

Hurd. Smith and Durham (19(5*2) reported docu¬ 
mented occurrences of amber from Baja California, based 
on the discovery by A.C. Allison and F.H. Kelmer. 
Langcnheim, Buddlmcand .Jelinek (19(55) further elabo¬ 
rated on the age and occurrence of this amber. It has 
been observed at three localities between Punta San .lose 
and Punta Cabras. At each locality, a single nodule of 
amber from 1 \ *2 inches in diameter was collected from 
siltstoneor sandstone thought to be latest Campanian or 
earliest Maestrichtian in age. At Punta Baja, about 10 
miles south west of FI Rosario, small fragments of amber 
occur in sandstone with carbonized leaf impressions. 
Metaplejvntiaras pacificu /// Smith occurs in the same bed 
and indicates late Campanian age. Small grains of amber 
and carbonized wood were also reported from a sandstone 
interbedded with a claystonc south of the mouth of 
Arroyo Rosario. 

Four spectra were run from a single collection (Uni¬ 
versity of California, Museum of Paleontology. B-300(I) 


from the Punta San Jose locality. The material generalh 




is opaque, varying in color from beige to molasses to 
almost black. More variation occurred in the spectra from 
these few pieces than is f requently the case where a larger 
number of samples have been run, i.e., from Chiapas, 
M exico and A laska. Three spectra showing this variation 
are presented in Plate XXI I. Type L (II 45) and Type 
II (II 320) are similar, but Type III differs in having 
a broader and more intense absorption band between 
0-10 [x (1110-1000 cm 1 )- This may be due to inclusions 
of siliceous material. Type ]!i was taken from a light 
beige portion of a banded specimen of which Type II 
represents the darker portions. As indicated with the 
Roebling, N. J. amber, more heterogeneity must be ex¬ 
pected in the opaque amber types than in the trans¬ 
parent ones. 


Early Tertiary Amber 

Amber is reported to occur in strata from early 'Terti¬ 
ary time( Eocene to Miocene)in various areas throughout 
North and South America. A fairly extensive deposit 
has been discovered in Chiapas, Mexico, and is being 
intensively investigated by geologists, entomologists and 
botanists. Thus, the Chiapas deposit can serve as a useful 
standard lor comparison of other Tertiary ambers as the 
Alaskan deposit does for Cretaceous ambers. Small 
amounts of Eo-()ligocene amber occur near Seattle, 
Washington; amber of probable Oligocene age occurs 
in the Dominican Republic and of Miocene age in Para, 
Brazil. The age of amber from several other localities 
probably is early Tertiary, but stratigraphic data are 


lacking. 


Chiapas A mber 


Amber from Chiapas, the southernmost state in Mex¬ 
ico, has been reported in mineralogical studies (Helm, 
1891; Kunz, 1903; Tschirch, 1906; Hintze, 1933; 




Buddhue, 1935; Tschirch and Stock, 1930), but it has 
neither been analyzed chemically and physically nor been 
iriven a mineralouical 


name. The geologic occurrence 


was first recorded by Bose in 1905. A coordinated scien¬ 
tific investigation was initiated by entomologists and 
later included geologists and botanists (11 urd and Smith, 
1957; Ilurd, Smith and Durham, 1902; Langenheim, 
1904, 1900, 1907; Langenheim, llackner, and Bartlett, 

1907). 

The amber-bearing beds are in a sequence of primarily 
marine, calcareous sandstones and siltstones which are 
mostly exposed in landslides. All amber-bearing locali¬ 
ties are considered latest Oligocene to earliest Miocene 
in age, based on marine invertebrate fossils (Licari, 1900; 
Hurd, Smith and Durham, 1902). Pollen from the strata 
either containing the amber or immediately adjacent to 
them indicates development of mangrove vegetation of 
considerable complexity at or close to the site of depo¬ 
sition of the amber (Langenheim, Hacklier and Bartlett, 

1907). 

Previous discussions have presented evidence support¬ 
ing the conclusion that this amber was derived from the 
leguminous genus Hymenaca (Langenheim, 1903; Lan¬ 
genheim and Beck, 1905; Langenheim, 1900; and 
Langenheim, 1907). Spectra were made of various resins 
from populations existing in Chiapas today. Each genus. 


as we 



as certain species populations, was clearly dis- 
tinghishable. Remarkably consistent spectra were ob¬ 
tained from 35 samples of Hymenaca Courbaril L. from 
various populations in Mexico, Guatemala, Dominica, 
Costa R ica, Guyana, Venezuela, Brazil and Ecuador. 
Forty specimens of Chiapas amber from the University 
of California, Museum of Paleontology Collections from 


various localities were chosen for spectra because they 
showed some difference in physical character. The color 



of tliis amber varies from yellow, golden brown, red to 
black; the most common being the yellow and golden 
brown hues. V ariety in appearance tended to indicate 
that several kinds of trees might have produced the am¬ 



ber. All but two specimens fit into two spectral patterns 
indicated as Type ! i i I 1A) and Type II 'I 88), Plate 

. A third type (H 1C) gives an ill defined spec¬ 
trum. It was, therefore, initially assumed that these three 
patterns might indicate three different sources (Langen- 
heim, 1963). The two major types ( !4 samples of each), 
however, are similar to each other, except for the more 
general flattening of the bands and loss of the sharp band 
at 11.2-11.3// (895-885 cnr 1 ) in Type II. The similarity 
is now thought to be sufficient to suggest that both Type 
I and Type 11 were derived from the same source and 
that the differences may be explained by additional at¬ 
mospheric oxidation and progressive polymerization. The 
two specimens representing Type III (II 1C, Plate 

II) are black in general appearance, although small 
pieces show a ruby red color in transmitted light. The 
pieces are extremely soft and f riable, indicating that they 
had been partially decomposed. Type I had a spectrum 

similar to that oi Hymcnaca Court aril (H 1 1 >- 1 V, II 58, 

Plate XXVTI), although there are some differences. 



Langenheim and Beck (1965) explained that the broad 
band at 14.2-14.4/x (705-760 cm -1 ) due to unassigned 
skeletal vibration has disappeared in the amber. The 


11.3/z (885 cnr 1 ) band which can be assigned to 


CHj 


out-of-plane deformation of terminal carbon-carbon 
bonds decreases, as would be an expected result of pro¬ 


gressive oxidation by atmospheric oxygen. The attend¬ 
ant formation of new carbon-oxygen bonds would also 
account for the slight shift of absorption maximum near 


-l 


8 y (1250 cnr 1 ) which is more often at 7.6/a (1295 cm 
in the Hymcncica resin but more often at 8. 1 yu. (1235 cnr 1 ) 




in the amber. It is also significant that none of the other 
resin producers in Chiapas today had spectra resembling 
the amber (Langenheim and Heck, 1965). Thus, the in¬ 
frared spectra have given convincing evidence that the 
Chiapas amber was derived from an ancestral member 

of Hymenaca. 

The presence of Hymenaca leaflets in the amber pro¬ 
vides further corroboration for the source (Langenheim, 
1966). This conclusion receives additional support from 
studies of the manner of resin production and accumula¬ 
tion in Hymenaca Courbaril (Langenheim, 1967) and the 
depositional conditions of the amber. //. Courbaril pro¬ 
duces large quantities of resin that accumulate in the soil 
around the roots, and in Mexico today it grows common¬ 
ly along rivers that enter the ocean in mangrove-fringed 
estuaries. Analysis of the pollen in the amber-bearing 
beds indicates that the amber was deposited in such an 
estuarine environment with abundant mangrove present 
(Langenheim, Haekner and Rartlett, 1967). 


Seattle A mho 


Amber from the Renton Formation near Seattle, 
Washington, was discovered by ,1. Wolfe. Vine (1962) 
considers the Renton to be late FiOcene to early Oligo- 
cene in age. Wolfe (pers. com., 1966) reports that there 
are no plant fossils at the amber locality itself, although 
they are common in the Puget Group, of which the Ren¬ 
ton Formation is a member. Conifers present are taxo- 
diaceous, including Sequoia, Metasequoia and Qlypto- 
strohus. The dicotyledonous flora is rich but still largely 
unidentified. The La Porte and Comstock floras are 
about the same age as the Renton. 

Five spectra were run of amber from the M useum of 
Paleontology, ITniversitvof California Collection R8427. 


Most of this amber occurs in small friable pieces. It is 

[-J4 1 


pale yellow and transparent. Chemical and physical 


analyses have not been made. There was some variation 
in the spectral patterns (Plate XXIV) as indicated in 
Type I and Type II (Spectra II 3*23 and II 42A). These 
spectral types from Seattle are similar to those of Types 


I and II from Baja California ( Plates XXII and 



IV) 


which indicates possibly that they may be from the same 
source. There are no present suggestions for the botanic 
source from these two localities either from associated 
plant remains or from spectra of modern resins. 

Dominican Republic Amber 

Sanderson and Farr (1960) state that amber was first 
reported from what now is the Dominican Republic by 
Christopher Columbus during his second voyage to the 
West Indies between 1194- and 1496. No further refer¬ 
ence to Dominican amber during the next 400 years 
appears to have been recorded. In 1905, Sample described 
an amber-bearing formation in the Monte Cristi Range 

o ~ 

(Cordillera Septentrional). Lengweiler (1939) then re¬ 
ported that fragments of lignite, leaves, and insects, 
such as mosquitos and ants, were found in the amber. 

Sanderson and Farr (1960) indicate that the amber¬ 
bearing formation in the Dominican Republic are located 
at two principal sites in the Cordillera Septentrional 
north of Santiago between Altamira and Conca. The 
original site is the Pena (Tamboril) region in the two 
gorges of the Arroyo Capancho tributary of the Rio 
Gurado. The second site is below Pico Diego de ()campo 
in the Palo Alto de la Cumbre region. Sanderson and 
Farr collected the amber in a light brown-dark grey, 
fine-grained, micaceous sandstone occurring below a silty 
shale at this second site. Brower (Sanderson and Farr, 
1960) believes this amber to be Oligocene in age, al¬ 


though the exact date remai 


in doubt. The amber 


9.5 


occurs irregularly as small broken fragments to large 

unbroken pieces. Transparent, unfractured pieces are 
common, but many small broken pieces are brittle and 

fracture. The color varies from clear crystal through 
various amber-shades to deep red. Chemical or physical 

analyses have not been made of this amber. 

Six spectra were made of amber from the Dominican 

Republic. Type I (H 37) is from a specimen from the 

Palo Alto de la Cumbre site collected bv Sanderson 

T ). Three others from an unidentified locality 



(Plate 

near Santiago gave a pattern similar to this one from the 
known site. Two were run of specimens from USNM 
collection #R(>783, from Palo Quemado, Santiago Pro¬ 
vince, Santo Domingo. These samples gave a more 
generalized spectrum as represented by (H 4*27) than the 
other four (Plate XXV). They are designated as spec¬ 
tral Type II, and represent probably more oxidized 
specimens as indicated by the almost complete loss of 
the 11.3/u,(885 cm' 1 ) band. The spectral pattern is unique 

for North and South American ambers examined thus 
far. No extant groups have given a pattern similar to 

this, and, with correlative paleobotanical data lacking, 
there presently is no hint as to botanical source. 

Brazilian Amber 


A single piece of amber has been collected from the 

Pirabas Formation near Capanema, Para, Brazil. This 
formation is considered early Miocene in age and is ac¬ 
companied by numerous dicotyledonous leaves (Delia 
Duarte, pers. com., 1900). Spectrum II 45*2 is closely 
similar to resin from extant Hy menaea Courbaril (Plate 

XXVIII), especially from Brazil (H Gl) and Costa Kica 
(II ‘2.V2). Hy menaea thus appears to have been the source 

of this amber as well as that from Chiapas, Mexico. 
Perhaps future paleobotanical studies on these beds will 
give additional supporting evidence. 





Amber of Unknown Age 


The geologic age and paleobotanic information are not 
available for a number of amber collections. These col¬ 
lections are being presented separately, although they 
will be related to ambers of known age wherever this 
appears justifiable. 

Greenland A mber 

Two spectra were made of amber from Hare Island in 
Greenland from a collection from Museum fur Natur- 
kunde, Berlin. The amber occurred as droplets in coal. 
The spectrum (II 105) is poorly developed, due probably 
to oxidation (Plate XV). This amber is assumed to be 
Cretaceous, because of the extensive, well known Cre¬ 
taceous plant fossil localities in this area of Greenland, 
although there is no direct confirmation of this age. 


j\[ontana Amber 



Nine spectra were run of the amber from Montana. 
Collections were available from the United States 
National Museum and the New York Museum of Natu¬ 
ral History. No geologic age is indicated for this amber. 
Four spectra were made from the USNM Collection 
#11282*2, listed only from “Montana." They are repre¬ 
sented by the Type I pattern represented by H 404 (Plate 

). This is the third example of the aromatic series de¬ 
scribed above from Pemberton, N.J. (II 417) and Har- 
risonville, N.J. (H 409). The Montana sample is virtually 
indistinguishable from that from Pemberton. Both lack 
the broad absorption band of the Harrisonville sample 
between 9 and 10/* (1110-1000 cm' 1 ) which we have as¬ 
signed to silicate impurities. 

Five spectra were run from the N.Y. Museum of 
Natural History collection #18395, listed from Washoe, 
Montana. Four spectra gave the pattern of Type 11 


(H 40 . 5 ) and one gives Type 111 (H 4 * 25 ) shown in Date 
XXI. The small differences between these two types 
may he due to oxidation and progressive polymerization. 
Both are similar to the Magothy River family. 


Canon Diablo , .Arizona .Amber 

()ne spectrum (I I 305) of amber was run from USNM 
collection ti <>*21)03 (Plate X X IV). The age of this sample 
is unknown; in fact, no data are available for it. The 
spectrum is somewhat like those belonging to the .Atlan¬ 
tic Coastal Plain Magothv family of ambers. 


Ecuadorian . / mbcr 


Amber from a "large deposit"' near Guayaquil, Ecua¬ 
dor, was reported by Johnston (1838) and named Guaya- 
quillite. No geologic age was given. Two kinds, a light 
yellow, almost homogeneous material and a dark brown, 


bituminous-like substance, were found. The 


* * 


pure 


mineral is opaque, powders easily, and is soluble in alco¬ 
hol. The specific gravity is 1.09*2 and the melting point 
between 157°-*21*2° C. 

*a were made from USXM collection 


Three 


s 




1173*28. Spectrum (H *21*2) is typical for the three (Plate 

). Frondell (1987) has shown that X-ray diffraction 
patterns of (iuayaquillite are similar to those of a sample 
of various species of Protium , a genus in the Burseraceae. 
Some infrared spectra of Protium Icicariba suggest the 
same relationship, whereas other species of Protium 


differ significantly. 


Colombian .Amber 


We have examined amber from two localities in Co¬ 
lombia. Boussingault (1843) reported amber to have been 
found in large amounts in a gold-bearing alluvium at 
Giron, near Bucaramanga, Departamento de Santander 




del Norte. From the locality, this amber has been named 
Bucaramangite. Since it was found in alluvium, it might 
have been transported some distance from beds of any 
aue. The sample analyzed came from a pale yellow trans- 


hed 


k 


ble 


hoi, swells and becomes opaque in ether and does not 
contain succinic acid. 

Four spectra were run from USN M collection #R78! 7. 
Three spectra (Plate XXVI) were similar to Type 1 
(II 429). Another spectrum was like Type II (II 208) 
which had a better resolved version of Type I. 

Cockerell (1928) reports two species of Dipt era in 
amber from the Valle de Jesus in the Departamento de 
Santander del Sur. He characterized it only as being 
“relatively soft*' and of “uncertain age.'* 

Amber from Medellin, Colombia, is also available from 
USNM collection #97460. Although it is listed as “co- 
palite," we are unaware that its geologic age or its chemi¬ 
cal or physical description have been published. Six 
spectra were run and H 359 (Plate XXVI) is represent¬ 


ative of them. 

The spectra represented by II 208 (Giron) and H 
(Medellin) can be related generally to spectra of 


II 


pas, 


M 


Courbaril , just as in the case ol amber from Chia- 
;xico. In previous discussions of Chiapas amber 


m and Beck, 1965; 


m. 1966; 


Langenheim, 


II 


M 


i Courbaril 
British Gu 


from modern pop- 
•e compared from 
(Guyana), Brazil, 


Venezuela, and Ecuador. Considerable similarity in the 
spectra throughout the wide distribution of this popula¬ 
tion was noted, although certain populations were more 
similar than others. For example, spectra of the Chiapas 
amber resembled more closely the spectra of Hymenaea 
resin from populations in Mexico and Guatemala than 



those with a more southern distribution. Therefore, it 
was not surprising when the spectra of amber from Giron 
and Medellin, Colombia, compared closely with H. 
Courbaril resin from Guyana and Brazil (Plate XXVII). 
We presently do not have specimens of //. Courbaril 
from Colombia. 

These spectra of Colombian amber seem sufficiently 
close to present-day Hymenaea to indicate its possible 
botanic origin. Unfortunately, we do not know the geo- 

o 7 o 

logic age nor have corroborative evidence lor the botanic 
source from plants included in the amber or in the amber¬ 
bearing beds, such as was available for the amber from 
Chiapas, Mexico. 
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Infrared spectra of amber of unknown age from Montana Types II and 
and Cretaceous amber from Martha's \ inevard. Mass. 
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Infrared spectra of Cretaceous amber from Baja, California, Mexico, Types I, 11 and Ill. 
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Infrared spectra of Oligo-Miocene amber from Chiapas, Mexico, Types I, II and III. 


Plate XXII! 





































4030 3000 

(-L 


2000 


WAVE NUMBER 


1500 


(CM-i) 

1000 



3 


4 


5 


6 


7 


8 


9 


WAVELENGTH 


10 

(MICRONS) 


11 


12 


13 


14 


15 



k 


* 






Infrared spectra of Eocene arnber from Seattle, 


Washington, Types I and 


11 and amber 


of unknown age from Canon Diablo, Arizona. 





















































117 


WAVE NUMBER (CM -1 ) 

4000 3000 2000 1500 1000 900 800 700 


iii i i i i 



WAVELENGTH (MICRONS) 

Infrared spectra of Oligocene amber from the Dominican Republic, Types I and II and 
amber of unknown age from Guayaquil, Ecuador. 
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Infrared spectra of Miocene amber from Para, Brazil, and modern resin of Hymenaea Courbaril 
from Costa Rica and Brazil. 




























